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Executive Summary  
Problem Statement  
Floriculture is the third largest agricultural crop in the United States of America. Flowers are 
usually transported in pots of mud or with the roots still submerged in water to increase their 
shelf life and ensure freshness during long hours of transport. This not only increases the weight 
of the transport materials but also makes the whole process expensive. The research conducted in 
this honors project provides the first stages of an alternative packaging material that can lower 
the weight of transport materials and maintain the freshness of the flowers. The purpose of the 
packaging is to create an environment of high humidity that surrounds the flower and prevents 
moisture loss while still allowing the flow of oxygen, carbon dioxide and ethylene.  
Quantitative Results 
The hypothesis that controlled humidity chambers would prolong freshness and improve shelf 
life was quantified using the weight% lost by the flower over time. To quantize shelf life, the 
unsellable point was determined to be 15 weight% of the initial weight of the flower. Experiment 
6 was utilized to determine quantitative results based on suggestions and analysis of prior 
experiments detailed in this report. The experiment was conducted by creating chambers using 
high concentrations of choline chloride managed to maintain an average humidity of 68.18%. 
The average relative humidity (RH) was 9.35% higher than the outside RH. The rose samples in 
the chambers maintaining an average humidity of 68.16% took, on average, 2 days longer to lose 
15 weight% of the initial weight of the flower, when compared to the flower maintained at the 
outside RH (58.81%). 
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Conclusions  
The experiments conducted in this work support the hypothesis that using controlled high 
(>60%) humidity chambers can help prolong the freshness and shelf life of fresh cut roses. An 
upper limit for the RH in the chamber exists, as it was observed in this research that certain 
flower samples placed in the close to 100% humidity chambers developed fungal/bacterial 
infections and thus it is possible that at a certain upper limit of RH, the likelihood of developing 
fungal/bacterial infections is higher than the likelihood at lower RH values. That upper limit has 
not been determined in this work. Experiment 1 suggested a link between humidity and shelf 
life/freshness of roses. Experiment 2 supported the possibility of using hygroscopic chemicals 
and creating chambers to maintain humidity. Experiment 3,4 and 5 corrected certain assumptions 
while providing direction to future works. Experiment 6 incorporated the information and 
understanding from the previous experiments and tested the primary hypothesis. Overall, the 
chambers that maintained an average humidity of 68.16% managed to prolong the freshness of 
the rose samples longer and increase the shelf life of the samples by 2 days. 
Implications of the work  
Through the work on the project I have learned several valuable technical and career skills. The 
project has taught me about the world of research and creating experiments as opposed to simply 
following procedures in the lab. The project also enhanced my lab safety knowledge and 
understanding.  
Working with the graduate students taught me the meaning of dedication to one’s work and 
perseverance when you don’t get the results you wanted. It also taught me how to work 
independently and be willing to ask for help.  
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Overall, I believe that if further research is conducted and this product can be implemented, it 
will lower transportation costs and help flower suppliers. I think it can also be modified and used 
for the food industry since food waste is a growing problem in our world.  
Future work   
The results were limited by the materials that were available. Future research should consider 
hygroscopic materials that can get the relative humidity to 80%-90%. Research should also 
include creating larger boxes and placing multiple roses in them to ensure the concept still works 
well in typical transportation conditions. Utilization of colder temperatures combined with high 
humidities can also be tested.  
Advice to future students  
My advice to students that will work on these types of projects is to start early. Starting early 
provides you with the freedom to make mistakes and learn from them as well as to find a 
research area they are passionate about.  
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Introduction 
 
Flowers are a beautiful creation and are used around the world in a variety of settings. 
From weddings and funerals to celebrations and condolences, flowers are an important part of 
life.  Most people do not consider the vast supply chain system in place to get flowers to their 
local florist or grocery shop. The United States floral industry contains more than 60,000 
businesses composed of growers, wholesalers, retailers, distributors and importers, making 
floriculture the third largest US agricultural crop [1].  
  A perennial issue the floral industry faces is increasing the shelf life of flowers and 
maintaining their freshness. Ethylene is naturally produced in ripening fruit and floral crops as 
they age. Ethylene gas can reduce the life and allure of floral crops though flower and bud drop, 
premature wilting and flower discoloration. [2]. It is a conviction in the floral industry that 
ethylene leads to flower senescence, which can be defined for cut flowers as ageing and death of 
floral tissue. [3] 
Prior work includes but is not limited to ethylene inhibitors [4], nontoxic films and 
coatings (for food preservation) [5]. The scope of this research attempts to mimic the flowers 
natural habitat by allowing ethylene to flow and not be trapped while maintaining an 
environment of high humidity. The hypothesis of this research suggests that a high humidity 
environment surrounding the flower will prevent moisture loss from the flower. Moisture or 
water loss results in wilting and directly affects the appearance and freshness of the flower [6]. 
The difference in the humidity of the flower and its surroundings is the driving force behind 
moisture loss. Since flowers are essentially 80-90% water [7], having a surrounding environment 
of high humidity will decrease the driving force for moisture loss and maintain the freshness and 
shelf life of the flowers.  The main representative of cut flowers is the rose. It is arguably the 
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most famous flower and hence the most cut and transported. Shelf life of roses is directly related 
to the water uptake and content [8]. This research focuses on freshly cut roses and methods of 
increasing their shelf life. Chambers were created to maintain controlled high humidity (>60%) 
while allowing other gases (oxygen, carbon dioxide and ethylene) to move freely. Salt solutions 
and hygroscopic (moisture absorbing) polymers were tested as a method to increase and maintain 
humidity. Weight loss as well as physical appearances were noted for each flower at each setup.  
Premature wilting of cut roses results in an economic loss for growers; on average about 
20%, but up to 50% [8] Transportation costs for flowers is also extremely relevant since 
producers struggle to profit. Countries that typically produce the flowers lack the infrastructure 
to optimize air transport and therefore, ship and road transport are prevalent. These methods 
typically take more time and thus a method to increase shelf life and maintain the freshness of 
cut flowers is an important issue to tackle [9].    
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Experimental methods  
Experiment 1: Maintaining humidity through salt solutions  
Chambers were built using generic plastic containers purchased from the Dollar Store. Three 
holes were drilled in each container, two for gasses to flow and the third for the hygrometer to 
measure relative humidity in the chamber. A range of humidities from 0% to 100% were desired 
to be tested. Salt solutions were used to achieve this. For the 0% chamber, desiccant P2O5 was 
used, for the 30% chamber magnesium chloride(MgCl2) was used, for the 60% chamber sodium 
bromide (NaBr2) was used, for the 80% chamber potassium chloride (KCl) was used and for the 
100% chamber, water was used. These salts were selected to fix humidity at a certain value 
based on the industry standard and literature values [10] [11]. Two different volumes of chambers 
are also considered to identify if it is a contributing factor. Salts are placed in Aluminum pans 
and then in the chambers. Fresh cut roses from a local florist are also placed in the chambers. All 
elements are weighed before. Pictures are also taken for comparison purposes. Relative humidity 
was also measured. The setup was at room temperature and was observed and measured for 12 
days. Detailed setup and observations discussed in Appendix A.  
Experiment 2: Chamber testing- capability of maintaining high humidity  
Seven chambers were created out of plastic containers and paper towels dipped in a mixture 
polyvinylpyrrolidone (PVP), choline chloride (CC) and water. The samples were as follows: 
 1% PVP, 5% PVP or 5% PVP plus choline chloride. The solutions were prepared by combining 
predetermined amounts (detailed in Appendix B) of PVP and CC with water. The mixing was 
aided using a stir bar. Once the mixture looked well mixed (PVP and CC completely dissolved), 
paper towels were dipped in the solution for 15 seconds. The paper towels were then removed 
from the solution and squeezed to remove any excess solution. This is done till the paper towel 
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no longer drips from excess solution. Windows were created on opposite sides of the chamber 
and covered by layers of dipped paper towels. A hole for the hygrometer was created and taped 
over. The chambers were then vacuum or air dried. Upon drying, the paper towels were 
noticeably more damp. Aluminum pans filled with 12g of water were placed in the chambers to 
represent the rose and the entire setup was at room temperature. Weight and humidity 
measurements were taken over the 13 days.  The exact setup is described in detail in Appendix 
B.  
Experiment 3: Dipped Stem  
Stems were dipped in 1% PVP or 5% PVP, allowed to dry and then placed in a box and sheltered 
from sunlight. The solutions were prepared by combining predetermined amounts (detailed in 
Appendix C) of PVP with water. The mixing was aided using a stir bar. Once the mixture looked 
well mixed (PVP completely dissolved), the stems were dipped in the solution and held there for 
30 seconds. The flower stems were then air dried. These samples were compared to an 
undipped/uncoated control and to the industry method, placed in a tube of water. The exact setup 
is described in detail in Appendix C.  
Experiment 4: Spray coated petals 
Roses were either sprayed with 1% PVP solution or 5% PVP and allowed to dry. They were then 
placed in a box and sheltered from sunlight. The solutions were prepared by combining 
predetermined amounts (detailed in Appendix D) of PVP with water. The mixing was aided 
using a stir bar. Once the mixture looked well mixed (PVP completely dissolved), the flowers 
were sprayed from 1 foot away. These samples were compared to an unsprayed control. The 
exact setup is described in detail in Appendix D. 
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Experiment 5: Exposing stems to high humidity  
Roses’ stems are either completely dipped in the water (industry standard) or just above the 
surface of the water (stem in an environment of high humidity). These samples were compared to 
an undipped control. The samples are placed in a box and sheltered from sunlight. The exact 
setup is described in detail in Appendix E. 
Experiment 6: Final Chamber experiment  
 
Five chambers were created out of plastic containers and paper towels dipped in a mixture 
choline chloride (CC) and water. The samples were as follows: Control (room RH, 59%), 20% 
CC, 50% CC, 100% CC and 100% RH (using an aluminum pan filled with 12g of water). The 
solutions were prepared by combining predetermined amounts (detailed in Appendix F) of CC 
and water. The mixing was aided using a stir bar. Once the mixture looked well mixed, paper 
towels were dipped in the and squeezed to remove any excess solution. Windows were created 
on opposite sides of the chamber and covered by layers of dipped paper towels. A hole for the 
hygrometer was created and taped over. The chambers were then air dried. Upon drying, the 
paper towels were noticeably more damp and moist indicating that the CC has been absorbed. 
Five freshly cut roses were weighed and placed in the chambers. Each setup was also weighed 
initially, and humidity and weight measurements were taken throughout the experiment. The 
exact setup is described in detail in Appendix F. 
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Data and Results  
 
Experiment 1: Maintaining humidity through salt solutions  
Experiment 1 was conducted to determine if humidity influences the shelf life and freshness of 
fresh cut roses. To do this, the experiment was set up as detailed in Appendix A and the 
Experimental Method section. The hypothesis tested in this experiment is that the flower in the 
highest humidity chamber (100%) would be the freshest and least wilted at the end of the 12 
days. This would be indicated by the appearance and weight loss of the flower. A range of 0% to 
100% RH was desired; however, the salt solutions were unable to maintain the lower humidities. 
The actual humidities maintained in the chambers are provided in Table 5 in Appendix A. The 
average humidity maintained by the 1-0% chamber was 85%, 1-30% chamber was 70%, 1-60% 
chamber was 75%, 2-60% chamber was 70%, illustrating the failure of the salts to meet the 
target chamber humidities. The 1 and 2 in the labelling indicate the two different volumes of 
chambers used. Though the desiccant and salts failed to provide information at the lower 
humidity environments, trends can still be observed from the data collected. The rose at the 
highest humidity (100%) looked the freshest and lost the lowest amount of weight relative to its 
original weight. This can be observed from Graph 1. Graph 2 displays the weight loss of the 
entire setup (chamber, flower and salts) vs. the original weight of the entire setup. The trend 
observed could be explained by the absorption of water by the salts in the “lower” RH settings 
and therefore a lack of weight loss in the setup. Based on appearances alone, the flowers in the 
highest humidities looked and smelled the best. The data obtained from this experiment suggests 
that humidity influences shelf life and freshness of roses and that a higher humidity environment 
chamber reduces the weight loss of the flower and sustains the freshness of the flower, longer 
than lower humidity chambers. Several other factors could have influenced this experiment and 
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therefore further testing must be done to form conclusions. Also, high humidity chambers must 
be created and tested since having water dishes in the chambers would negate the objective to 
have light weight transport materials for the flowers. The experiment also provided more 
information of how roses behave in closed chambers. It was noted that the stems of the roses 
were the first to dry, followed by the petals. This observation was used to create the dipped stem 
and sprayed petal experiment discussed later in this report.  It was also observed that the 
moisture released from the roses is extremely high and can be equated to that of a pan of water 
being placed in the chamber. This information was used in the Experiment 2 to reduce costs, by 
using a pan of water to represent the rose.  The experiment yielded questions about fungal 
growth in flowers. In the experiment, the 1-0% sample, developed a fungal infection on the sixth 
day when the humidity was 90.64%. This could have been an isolated incident however, it did 
bring forth another issue to test in future work, the relationship between fungal growth and high 
humidity environments.  
 
Graph 1: Weight loss/Original weight of the flower for the various setups. It can be observed 
from the graph, that F had the lowest relative weight loss. It also looked the freshest and smelled 
the best.  
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Graph 2: Weight loss/Original weight of the setup (entire chamber with flower and salt) vs. time 
(in days) for the various setups. From the graph, it can be observed that the higher humidities’ 
setups lost more relative weight over time. This was not noticed when measuring flower weights 
before and after the experiment. The higher RH flowers lost less weight over the 12 day period.   
 
Experiment 2: Chamber testing: capability of maintaining high humidity  
Experiment 2 was performed to test PVP and choline chloride covered chambers and determine 
if they had the capability of maintaining a high (>60% RH) controlled humidity. The experiment 
was set up as detailed in Appendix B and the Experimental method section of this report. 
Different layers and concentrations of hygroscopic polymer Polyvinylpyrrolidone (PVP) and 
choline chloride(CC) were tested to determine which sample would maintain optimum humidity. 
PVP is water soluble and physiologically inert [12]. Choline chloride is a hygroscopic salt that is 
also water soluble [13]. The water-soluble nature of the salts helps produce the solution that is 
used for the chambers. Paper towels have high absorbency, pliability and structural integrity. 
They are therefore used to cover the windows of the chamber. Upon vacuum drying, the paper 
towels felt damp and moist suggesting that the hygroscopic salts had been absorbed by the paper 
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towels. The hole for the hygrometer was also covered with a scotch tape. This also allowed the 
air flow capability of the hygroscopic paper towel windows to be tested. The rose was 
represented by an Aluminum pan filled with 12 grams of water.  
The chamber G (1 layer, 5% PVP and CC) performed the best, maintaining a high (Average 
64%) RH, depicted in Graph 3. The data suggests that the use of choline chloride is beneficial 
and higher concentrations of it should be further tested.  Graph 4 represents the weight loss 
relative to the original setup and it can be observed that A (the control) performed the best, 
however, the water turned brown. The brown could indicate potential for fungal/bacterial 
infections in extremely high humidities with no air flow. Through slope calculations indicated on 
Graph 4A it was determined that chamber G (1 layer, 5% PVP and CC) and chamber D (3 layers, 
1% PVP) had the lowest rate of weight loss. This provides support to the idea that the number of 
layers of hygroscopic paper towels impacts the rate of weight loss and overall performance of the 
chamber. The outside RH is also a factor that affects the performance of the chambers. The 
chambers must be able to maintain the controlled humidity setting at an RH higher than the 
outside. Graph 5 displays the chambers’ RH versus the outside RH. Excluding the control A, 
Chamber G (1 layer, 5% PVP and CC) and Chamber C (2 layers, 1% PVP) stand out as 
maintaining the highest difference in RH. This experiment supports the possibility of creating 
controlled humidity chambers using hygroscopic material. This experiment also generated ideas 
for using these hygroscopic chemicals directly on the flowers to retain the moisture in the flower 
and prevent it from being lost directly.  
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Graph 3: Represents the change in relative humidity inside the chambers over time. Through 
observation it can be noted that excluding the control A, G (5% PVP with CC) and C (2 layers 
1% PVP) had higher humidities than the other samples. The black markers indicate the point at 
which the water completely evaporated from the chambers. 
 
 
Graph 4: The graph represents the rate of weight loss (wt%=weight loss of setup/original weight 
of setup). Through observation it can be stated that excluding the control A, G (5% PVP with 
CC) & D (3 layers 1% PVP) had the lowest rate of weight loss amongst the samples. The black 
markers indicate the point at which the water completely evaporated from the chambers.  
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Graph 4A: The graph represents the rate of weight loss (wt.%=weight loss of setup/original 
weight of setup). Through slope calculations it can be stated that excluding the control A, G (5% 
PVP with CC) & D (3 layers 1% PVP) had the lowest rate of weight loss amongst the samples. 
The black markers indicate the point at which the water completely evaporated from the 
chambers.  
 
 
Graph 5: Represents the average values of the difference between relative humidity inside the 
chambers and the RH outside. Through observation it can be noted that excluding the control A, 
G (5% PVP with CC) and C (2 layers 1% PVP) had higher average delta RH values than the 
other samples. Standard error for each sample is also marked.  
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Experiment 3: Dipped Stem 
  
Experiment 3 was conducted to determine if coating the stems of fresh cut roses with a 
hygroscopic polymer solution would aid in increasing the shelf life and freshness of the rose by 
preventing moisture loss through the stem. The idea for the experiment first arose when it was 
observed that the stem dries out first, followed by the petals. The hypothesis tested here is that 
coating the stems with a hygroscopic layer will keep the flower hydrated by preventing water 
loss from the flower thereby retaining its freshness. A similar concept is used by industry where 
the stems are dipped in water tubes while they are transported. The samples were placed in a box 
to replicate transportation conditions. The data obtained indicated that the hygroscopic coated 
stem samples performed poorly and lost freshness faster than the control (undipped) sample. 
Graph 6 displays the rate of weight% loss and it can be observed that the industry technique S-D 
had the lowest weight% loss over time. The hygroscopic coated stem samples also looked wilted 
and dry much faster than the S-D sample. While conducting the experiment, it was noticed that 
the water level in the S-D sample, dropped below the stem level midway through the experiment. 
This would mean that the stem was not completely dipped the entire time, it was merely in an 
environment of high humidity. The S-D flower sample however, remained fresh throughout the 
experiment. This observation led to the questioning of the necessity of having the stem 
completely dipped in the water versus merely having the stem in an environment of high 
humidity. This question was tackled in Experiment 5, later in this work.  
 17 
 
Graph 6: Displays the rate of weight% loss. Dip coating the stem does not seem to improve the 
shelf life of the flower visually or through weight loss measurements. The water level in S-D was 
below the stem but it still performed the best.  
 
Experiment 4: Sprayed petals  
 
Experiment 4 was conducted to determine if spraying the petals of fresh cut roses with a 
hygroscopic polymer solution would help in increasing the shelf life and freshness of the rose by 
preventing moisture loss through the petals. The idea for the experiment first arose when it was 
observed that the stem dries out first, followed by the petals. This experiment was conducted in 
conjunction with the dipped stem experiment. The hypothesis tested here is that coating the 
petals with a hygroscopic layer will keep the flower hydrated by preventing water loss from the 
flower thereby retaining its freshness. The samples were placed in a box to replicate 
transportation conditions. The data obtained indicated that the hygroscopic coated petal samples 
performed poorly and lost freshness faster than the control (unsprayed) sample. Graph 7 displays 
the rate of weight% loss and it can be observed that the sprayed samples performed had a faster 
rate of weight% loss than the control. The sprayed samples also looked wilted and dry faster than 
the unsprayed rose. This could be the consequence of too much moisture on the surface of the 
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flower or could be due to uneven spraying that caused too much moisture on certain areas of the 
flower which lead to quick wilting of the flower samples. The data and observations therefore 
imply that spray coating the outer layer of roses with hygroscopic polymer solution does not 
improve freshness or increase shelf life.  
 
Graph 7: Displays the rate of weight% loss. Spray coating the outer petals does not seem to 
improve the shelf life of the flower visually or through weight loss measurements.  
 
Experiment 5: Exposing stems to high humidity  
Experiment 5 was conducted to determine if placing the fresh cut rose stem in an environment of 
high humidity would match the industry standard of dipping the stems in a water tube. This 
experiment was performed as it was observed in Experiment 3 that sample S-D performed the 
best despite the water level being lower than the stem for the second half of the experiment. The 
lower water level indicates that rose stem was in an environment of high humidity as opposed to 
being immersed in water. The hypothesis tested in this experiment is that having the stems in an 
environment of high humidity (with the stem just above the water level) reduces the driving 
force for moisture loss thereby preventing wilting and maintaining freshness in the flower. The 
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water in the tube would maintain a high humidity surrounding the stem. It was not possible to 
make periodic measurements of RH in the tube however; it was assumed that the RH was close 
to 100% due to the small space in the tube and ability of water to maintain a close to 100% in 
small enclosed spaces. The samples were placed in a box to replicate transportation conditions. 
From Graph 8, it can be observed that just exposing the stem to a high humidity environment 
does not improve freshness when compared to completely dipped samples. The weight% loss 
over time is faster for the stem in high humidity when compared to the completely immersed and 
control sample. One possible reason for this observation could be the high RH difference 
between the stem and the rest of the flower. This difference could have led to moisture being 
extracted from the stem faster, therefore drying the flower. Having the entire flower in an 
environment of high humidity would expunge this driving force. The industry method of dipping 
the flower completely perhaps improves the freshness by increasing water uptake as opposed to 
preventing moisture loss through humidity differences.  
 
Graph 8: Displays the rate of weight% loss. Exposing only the stems to high humidity does not 
seem to improve the shelf life of the roses.  
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Experiment 6: CC chambers and shelf life experiment 
 
Experiment 6 was conducted to combine and validate the information and inferences obtained 
from previous experiments discussed in this work. The objective was to create controlled 
humidity chambers using high concentrations of CC coated paper towels and use fresh cut roses 
to determine their effectiveness of maintaining freshness and improving shelf life. CC was 
selected using the data and details from Experiment 2. The chamber G (5%PVP and CC) 
performed better than chamber F (5% PVP) therefore lending support to the superior 
hygroscopic ability of CC. The hypothesis tested in this experiment was that the roses in the CC 
chambers would remain fresh and the air flow through the CC covered windows would be 
sufficient to prevent fungal growth. The experiment was also used to determine the stage of 
unsellability or the weight% lost before flower looks wilted and dry.  
 The controls in the experiment were room RH (59%), where the windows were uncovered and 
100% RH, where there were no windows (completely sealed) and an Aluminum pan filled with 
water was placed in the chamber.  
Graph 9 displays the RH in the chamber over time. The average RH maintained in C-A was 
59.77%, C-B was 67.55%, C-C was 67.46%, C-D was 69.47% and C-E was 98.32%. There was 
also a significant drop in RH after day 5. This correlated with the outside humidity drop which 
indicates a relationship between the outside RH and the RH within the chambers. Graph 10 
depicts the weight loss% over time. The trend suggests that the CC chambers had a lower rate of 
weight loss% when compared to the control. Graph 11 compares the weight loss% of the flower 
for the different conditions. The trend in this graph suggests that the CC chambers helped slow 
the rate of weight% loss. Through interpolation calculations, it was determined that the flowers 
in the CC chambers took 2 more days to lose 15 weight% of the overall weight of the flower. 
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Though the C-E flower sample lost the least amount of weight and maintain a close to 100% RH 
in the chamber, the flower developed a fungal infection by day 4. This indicates that a high 
humidity environment combined with a lack of air flow contributes to fungal growth.  The CC 
samples still looked and smelled fresh and had no fungal growth. The control sample, C-A was 
dry and wilted.  
The experiment also indicates that higher concentrations of CC do not help increase the RH. 
Therefore, the minimum concentration that still achieves a 70% RH should be determined in 
future work. Superior hygroscopic chemicals can also be tested to determine their effectiveness 
in improving shelf life and maintaining freshness.  
The point of unsellability was determined to be approximately 15 weight%.   
The experiment should be reproduced to ensure reliability.  
Graph 9: Displays the RH in the chamber over time.  
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Graph 10: Displays the rate of weight% loss. The CC chambers lost weight at a slower rate than 
the control chamber, C-A.  
 
 
Graph 11: Weight loss/Original weight of the flower for the various setups. The pink columns 
represent the CC chambers.  
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Discussion/Analysis 
 
Each experiment performed in this work helped provide support to the overarching hypothesis, 
that controlled humidity chambers (>60%) can preserve the freshness of the flower and increase 
its shelf life. An upper limit for the RH in the chamber exists, as it was observed in certain 
samples in this research that the flower samples placed in close to 100% humidity chambers 
developed fungal/bacterial infections and thus it is possible that at a certain upper limit of RH, 
the prospect of developing fungal/bacterial infections is higher than the likelihood at lower RH 
values. However, that upper limit has not been determined in this work. The experiments also 
aided in creating possibilities for future testing to further improve freshness and shelf life. 
Experiment 1 laid the foundation of this research by suggesting a correlation between humidity 
of the flowers’ surroundings and the shelf life/freshness of the flower. The experiment also raises 
questions about fungal growth and adequate air flow which must be considered in subsequent 
research. Experiment 2 tested the prospect of creating controlled humidity chambers using PVP 
and CC. The experiment also aided in understanding the limitations of the hygroscopic materials 
available and the need for superior hygroscopic chemicals in subsequent experimentation. A 
number of other experiments in this work stemmed from the information gathered in Experiment 
2. Dip coating the stems and spray coating the petals directly in the hygroscopic polymer 
solution and exposing merely the stems to a high humidity environment were studied to 
determine the effectiveness of increasing shelf life/freshness. Though the studies did not support 
the hypothesis stated, the analysis led to possible reasoning for the failure and prospective 
experiments. Experiment 6 integrated the data and concepts from the prior experiments and 
tested the optimum chamber, limited by the materials, and the controlled humidity impact on the 
roses. The experiment also tested the unsellable point (in weight%) and the capacity for fungal 
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growth in high humidity environments that lack air flow. The data obtained from this experiment 
supported the notion that controlled humidity chambers could improve shelf life and freshness. 
More specifically, the rose samples in the CC chambers took on average 2 more days to lose 15 
weight% of the overall weight of the flower. This is when compared to the control chamber 
functioning at room humidity. The experiment also provided support to the issue of high 
humidity and minimal air flow leading to fungal growth, as seen in sample C-E. The study also 
helped detect a possible unsellable point of 15% weight loss. Overall, the experiment encouraged 
further research into controlled humidity chambers. The experiment also yielded prospective 
future work that can be conducted.  
Future work can also include application of these polymer sheets to cardboard boxes that are 
typically used for the transport of roses. Also, a combination of variables such as cooler 
temperatures along with humidity can also be assessed.   
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Appendix A  
❖ Six chambers were created out of plastic storage containers.  
❖ Three holes were drilled into each chamber (two for air flow and one for the hygrometer) 
❖ The salt solutions used to achieve the desired humidity were as follows: 
▪ 0%: Desiccant P2O5 
▪ 30%: MgCl2 (hydrated) 
▪ 60%: NaBr2 
▪ 80%: KCl 
▪ 100%: water  
❖ Flowers and chambers are weighed (Table 1) 
❖ Chambers are set up with salt solutions in Al pans and labeled as follows: 
▪ 1-0% (A) 
▪ 1-30%(B) 
▪ 1-60%(C) 
▪ 2-60%(D) 
▪ 2-80%(E) 
▪ 2-100%(F) 
❖ It should be noted the 1 set and 2 set differ in volume.  
❖ Pictures of the flowers are taken for comparison and placed in the chambers along with 
the salt solutions 
❖ The entire setup is weighed and the salt solution + pan weight can be calculated 
❖ All holes remain unsealed to allow for the movement of gases. 
❖ Weight and visual changes are observed over time (a span of 12 days). 
Table 1: Initial and final weights (in grams) of the flower, chamber, salt solution plus pan and 
total setup 
 
 
 
1-0% A 1-30% B 1-60% C 2-60% D 2-80% E 2-100% F
Weight of the flower before (g) 24.85 20.05 23.24 23.91 20.89 24.09
Weight of the flower after (g) 15.67 10.91 11.66 13.51 14.64 18.95
1-0% A 1-30% B 1-60% C 2-60% D 2-80% E 2-100% F
Weight of the chamber before (g) 22.4 23.63 22.25 21.98 21.56 22.56
Weight of the chamber after (g) 22.47 23.63 22.53 21.95 21.55 22.71
1-0% A 1-30% B 1-60% C 2-60% D 2-80% E 2-100% F
Weight of the total setup before (g) 93.62 49.83 56.36 57.19 54.13 60.2
Weight of the total setup after (g) 86.95 45.28 52.94 52.81 50.45 50.21
1-0% A 1-30% B 1-60% C 2-60% D 2-80% E 2-100% F
Weight of the salt plus water before (g) 46.37 6.15 10.87 11.3 11.68 13.55
Weight of the salt plus water after (g) 48.73 10.73 18.61 17.33 10.74 8.43
Weights 
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Table 2: Weight (in grams) of the total setup recorded over time  
 
 
 
Table 3: Weight lost (in grams) by each setup over time (a span of 12 days) 
 
 
Table 4: Weight lost by each setup/ weight of the initial flower over time (a span of 12 days) 
 
 
 
 
 
 
 
 
WEIGHT OF SETUP (g) 1-0% A 1-30% B 1-60% C 2-60% D 2-80% E 2-100% F
Time 1 93.62 49.83 56.36 57.19 54.13 60.2
Time 2 93.53 49.75 56.29 57.07 53.98 59.98
Time 3 92.59 49.18 55.77 56.352 52.85 58.36
Time 4 92.18 48.89 55.569 56.024 52.29 57.64
Time 5 91.63 48.49 55.28 55.58 51.67 56.71
Time 6 91.09 48.12 54.97 55.19 51.05 55.82
Time 7 90.56 47.76 54.73 54.82 50.45 55.13
Time 8 89.94 47.34 54.47 54.47 49.87 54.43
Time 9 88.78 46.59 53.88 53.73 48.57 52.55
Time 10 88 46.09 53.51 53.35 51.05 51.34
Time 11 86.95 45.28 52.94 52.81 50.45 50.21
WEIGHT LOST (g) 1-0% A 1-30% B 1-60% C 2-60% D 2-80% E 2-100% F
Time 1 0 0 0 0 0 0
Time 2 -0.09 -0.08 -0.07 -0.12 -0.15 -0.22
Time 3 -1.03 -0.65 -0.59 -0.838 -1.28 -1.84
Time 4 -1.44 -0.94 -0.791 -1.166 -1.84 -2.56
Time 5 -1.99 -1.34 -1.08 -1.61 -2.46 -3.49
Time 6 -2.53 -1.71 -1.39 -2 -3.08 -4.38
Time 7 -3.06 -2.07 -1.63 -2.37 -3.68 -5.07
Time 8 -3.68 -2.49 -1.89 -2.72 -4.26 -5.77
Time 9 -4.84 -3.24 -2.48 -3.46 -5.56 -7.65
Time 10 -5.62 -3.74 -2.85 -3.84 -3.08 -8.86
Time 11 -6.67 -4.55 -3.42 -4.38 -3.68 -9.99
WEIGHT LOST (g) 1-0% A 1-30% B 1-60% C 2-60% D 2-80% E 2-100% F
Time 1 0.000 0.000 0.000 0.000 0.000 0.000
Time 2 0.004 0.004 0.003 0.005 0.007 0.009
Time 3 0.041 0.032 0.025 0.035 0.061 0.076
Time 4 0.058 0.047 0.034 0.049 0.088 0.106
Time 5 0.080 0.067 0.046 0.067 0.118 0.145
Time 6 0.102 0.085 0.060 0.084 0.147 0.182
Time 7 0.123 0.103 0.070 0.099 0.176 0.210
Time 8 0.148 0.124 0.081 0.114 0.204 0.240
Time 9 0.195 0.162 0.107 0.145 0.266 0.318
Time 10 0.226 0.187 0.123 0.161 0.147 0.368
Time 11 0.268 0.227 0.147 0.183 0.176 0.415
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Table 5: Relative humidity (RH) of the setups over time (a span of 12 days) 
 
 
Table 6: Weight lost by each flower over 12 days and the weight lost/original weight of the 
flower.  
 
 
 
 
 
RH (%) 1-0% 1-30% 1-60% 2-60% 2-80% 2-100% OUTSIDE RH
Time 1 68.36 65.81 79.43 74.54 82.86 92.3 49.44
Time 2 75 58.27 73.31 67.51 83.36 90 44.74
Time 3 81.7 62.74 67.97 65.6 82.69 90.37 49.4
Time 4 86.32 67.02 70 72.83 85.59 93.68 52.64
Time 5 85.45 71.43 74.97 70.08 84.18 90.36 52.65
Time 6 90.64 76.23 76.73 75.5 88.05 95.52 59.72
Time 7 91.43 76.6 77.49 69.79 85.88 92.16 59.61
Time 8 88.59 76.54 75.75 71.6 86.61 94.45 53.69
Time 9 90.93 73.77 73.31 64.59 82.38 92.61 49.19
Time 10 88.76 72.45 71.09 63.11 81.67 91.22 47.33
Time 11 88.35 73.81 74.55 66.89 83.07 91.37 49.07
1-0% A 1-30% B 1-60% C 2-60% D 2-80% E 2-100% F
Weight lost by the flower 9.18 9.14 11.58 10.4 6.25 5.14
Weight lost by the flower/Original weight 0.3694 0.4559 0.4983 0.43496 0.2992 0.21337
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 Appendix B  
Objective: To test various chambers and their capability to maintain controlled high humidities.  
Procedure: Seven chambers were created out of plastic containers, paper towels (either dipped 
in 1% PVP, 5% PVP or 5%PVP plus choline chloride (choline)). They were as follows:  
A: No slits/windows in plastic container  
B: windows covered by one layer of 1% PVP 
C: windows covered by two layers of 1% PVP  
D: windows covered by 3 layers of 1% PVP 
E: windows cut out but open to the surroundings  
F: windows cut out and covered by one layer of 5% PVP  
G: windows cut out and covered by one layer of 5% PVP with choline chloride 
Hygrometer holes were created and taped over for all chambers 
Aluminum pans were placed in each chamber with approximately 12g of water.  
Weights and humidity was measured over the period of 13 days  
Making the solution:   1% (50mL water + ½ g PVP)  
   5% (25mL water+1.25g PVP) 
   5% with choline (25mL water +1.25g PVP+1.25g choline) 
The paper towels were dipped in the solutions and then squeezed and placed on the boxes. They 
were then vacuum dried (F and G were air dried)  
 
Table 7: Raw data of the weight of the chamber over time 
 
 
Table 8: RH inside the chambers and outside RH over time  
 
 
G 27.13 5.3 2.85
WEIGHTS
Day Time Hours A B C D E F G
July 14th 4PM 0 40.31 40.95 42.19 46.46 39.15
July 14th 10:15PM 6 40.2 40.23 41.64 45.95 38.33
July 15th 1:19PM 21 40 38.95 40.53 44.88 36.77
July 18th 3PM 95 39.15 33.63 35.14 39.79 28.52
July 19th 3PM 119 38.86 31.85 27.18 40.85 43.81
July 20th 3:07PM 143 38.56 30.1 27.18 38.68 42.14
July 21st 3:35PM 167 38.25 28.97 27.2 36.98 40.59
July 22nd 3PM 191 37.96 28.98 27.19 35.4 39.1
July 24th 11:30AM 235 37.35 28.95 27.19 32.04 35.695
July 25th 12PM 260 37.06 28.98 27.18 30.42 34.24
July 26th 4:09PM 288 36.7 28.97 27.17 28.72 32.28
July 27th 3:17PM 311 36.39 28.97 27.18 28.73 31.76
RH
Day Time Hours A B C D E F G Outside 
July 14th 4PM 0 89.18 63.26 66.94 62.58 56.65 55.18
July 14th 10:15PM 6 93.44 60.24 60.43 61.04 58.08 53.47
July 15th 1:19PM 21 89.4 59.28 60.66 61.12 54.74 52.73
July 18th 3PM 95 91.77 66.82 68 66 57.35 55.3
July 19th 3PM 119 92.24 57.52 51.22 59.04 64.99 52.32
July 20th 3:07PM 143 90.06 53.19 47.23 52.56 60.53 47.92
July 21st 3:35PM 167 89.09 56 55.2 63.52 68 54.72
July 22nd 3PM 191 90.37 59.18 61.79 67.28 73.58 61.79
July 24th 11:30AM 235 89.15 49.35 50.32 56.8 62.67 50.32
July 25th 12PM 260 90.41 59.42 62.35 63.35 70.43 60.95
July 26th 4:09PM 288 90 48.62 49.84 48.34 59.91 50.1
July 27th 3:17PM 311 89.19 52.29 53.46 53 53.3 53.9
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Table 9: Weight% lost of the chamber over time  
 
 
 
  
WT%
Hours A B C D E F G
0 0.00% 0.00% 0.00% 0.00% 0.00%
6 0.27% 1.76% 1.30% 1.10% 2.09%
21 0.77% 4.88% 3.93% 3.40% 6.08%
95 2.88% 17.88% 16.71% 14.36% 27.15%
119 3.60% 22.22% 30.57% 0.00% 0.00%
143 4.34% 26.50% 30.57% 5.31% 3.81%
167 5.11% 29.26% 30.52% 9.47% 7.35%
191 5.83% 29.23% 30.55% 13.34% 10.75%
235 7.34% 29.30% 30.55% 21.57% 18.52%
260 8.06% 29.23% 30.57% 25.53% 21.84%
288 8.96% 29.26% 30.60% 29.69% 26.32%
311 9.72% 29.26% 30.57% 29.67% 27.51%
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Appendix C 
 
• To determine if dipping the stem in PVP will increase the shelf life of the flower 
• Four roses were used to test four different stem environments.  
• S-A: Un-dipped/Un-coated 
• S-B: Dipped in 1% PVP for 30 seconds and then allowed to dry  
• S-C: Dipped in 5% PVP for 30 seconds and then allowed to dry  
• S-D: Dipped in water and kept in tube (industry method) 
• The samples are placed in a box and sheltered from the sunlight.  
• The weights are measured over time.  
• Notes about appearances and pictures are also taken.  
 
 
Table 10: Raw data for the Dipped Stem experiments. Weights are noted in grams.  
 
 
Table 11: weight loss/original weight of the flower over time 
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Appendix D 
 
• To determine if spraying the outer petals with PVP will increase the shelf life of the 
flower 
• Three roses were used 
• P-A: Uncoated 
• P-B: Spray coated with 1% PVP and then allowed to dry  
• P-C: Spray coated with 5% PVP and then allowed to dry  
• The samples are placed in a box and sheltered from the sunlight.  
• The weights are measured over time.  
• Notes about appearances and pictures are also taken.  
 
 
Table 12: Raw data for the Sprayed petal experiments. Weights are noted in grams.  
  
 
Table 13: weight loss/original weight of the flower over time 
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Appendix E 
 
• Three roses are used:  
• A: Stem is uncovered/un-dipped  
• B: Stem is above the surface of water in a tube  
• C: Stem is dipped in the water in the tube  
• The samples are placed in a box and sheltered from the sunlight.  
• The weights are measured over time.  
• Notes about appearances and pictures are also taken.  
 
Table 14: Raw data from ‘Exposing stems to high humidity’ experiment. Weight of each 
setup/initial setup in grams.  
Time A B C (tube plus flower)  flower 
1 26.22 19 35.85 25.79 
2 22.57 16.19 33.78 25.98 
3 21.15 15.04 35.29 24.36 
4 19.92 14.02 33.45 22.19 
5 17.9 12.23 30.23 20.94 
6 16.74 11.13 28.28 19.11 
7 15.82 10.24 26.71 17.64 
8 14.92 9.3 25.18 16.27 
 
Table 15: Weight loss/ original weight of the flower over time  
Weight loss  
Time A B C 
1 0.0000 0.0000 0 
2 -0.1392 -0.1479 0.0074 
3 -0.1934 -0.2084 -0.0554 
4 -0.2403 -0.2621 -0.1396 
5 -0.3173 -0.3563 -0.1881 
6 -0.3616 -0.4142 -0.2590 
7 -0.3966 -0.4611 -0.3160 
8 -0.4310 -0.5105 -0.3691 
 
 38 
 
 
  
 39 
Appendix F  
Objective: To test various CC chambers, their capability to maintain controlled high humidities 
and the impact of the freshness/shelf life of fresh cut roses.  
Procedure: Five chambers were created out of plastic containers, paper towels (either dipped in 
20% CC, 50% CC or 100% CC). They were as follows:  
A: Windows uncovered, room RH   
B: windows covered by one layer of 20% CC 
C: windows covered by one layer of 50% CC 
D: windows covered by one layer of 100% CC 
E: Chamber completely sealed and a water (12g) pan placed in it.   
Hygrometer holes were created and taped over for all chambers 
Fresh cut roses are weighed and placed in the chambers.   
Weights and humidity was measured over the period.  
Making the solution:   20% CC solution (50mL water + 10 g CC)  
   50% CC solution (50mL water+25g CC) 
   100% CC solution (50mL water +50g CC) 
The paper towels were dipped in the solutions and then squeezed and placed on the boxes. They 
were then air dried.  
 
Table 16: RH data for the controlled humidity chambers over time.  
 
 
Table 17: Raw data from the final experiment. Weight of each setup/original setup in grams.  
 
 
 
 
 
RH
Date Time C-A C-B C-C C-D C-E Outside
aug	15th 0 60.07 73.28 72.83 73.97 94.23 56.60
aug	16th 1 66.46 75.16 74.71 74.27 93.10 65.00
aug	17th	 2 65.33 76.56 76.91 76.93 100.0 65.04
aug	18th	 3 61.00 71.00 71.13 73.61 100.0 62.97
aug	19th 4 64.75 71.09 69.38 76.30 100.0 61.88
aug	20th 5 52.53 57.64 57.67 61.25 99.79 51.14
21-Aug 6 51.13 55.65 57.79 59.38 99.74 51.15
25-Aug 7 56.90 60.00 59.26 60.04 99.68 56.68
RH
Time Time	 C-A C-B C-C C-D C-E
3PM 0 45.00 50.84 56.36 59.13 56.45
3:20PM 1 42.88 49.73 55.44 58.26 56.35
3 2 41.18 48.45 54.01 56.52 56.13
3 3 39.57 47.04 52.44 54.48 55.91
10pm 4 37.55 45.33 50.70 51.98 55.35
##### 5 36.58 43.98 49.10 49.84 55.04
5:30 6 35.91 43.18 48.29 48.83 54.79
5:30 7 33.93 40.61 46.01 45.68 53.37
Weights
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Table 18: Weight loss/ original weight of the flower over time  
 
 
 
 
 
Time Time C-A C-B C-C C-D C-E
3PM 0 0.0% 0.0% 0.0% 0.0% 0.0%
3:20PM 1 -4.7% -2.2% -1.6% -1.5% -0.2%
3 2 -8.5% -4.7% -4.2% -4.4% -0.6%
3 3 -12.1% -7.5% -7.0% -7.9% -1.0%
10pm 4 -16.6% -10.8% -10.1% -12.1% -1.9%
##### 5 -18.7% -13.5% -12.9% -15.7% -2.5%
6 -20.2% -15.1% -14.3% -17.4% -2.9%
7 -24.6% -20.1% -18.4% -22.7% -5.5%
Weight	%	lost	
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Nomenclature 
 
Hygroscopic 
Tendency of a substance to absorb moisture [14] 
Polyvinylpyrrolidone (PVP)  
PVP is a hygroscopic water soluble polymer [3]  
Shelf life: defined in this work as the time it takes a flower to lose 15% of its overall weight. 
This percentage was selected as it was the approximate percentage of weight loss at which the 
flower started to wilt, look less fresh and be less sellable.  
 
 
 
 
 
 
 
 
 
